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[57] ABS'I'RACI‘ 
A linear polarization strip antenna which comprises a 
dielectric substrate whose backside is ?tted with a con 
ductive ground ?lm, a power supply strip line which is 
formed of a conductive ?lm and on the surface of the 
dielectric substrate, and a linear polarization radiation 
element. The strip line and radiation element are elec- _ 
tromagnetically coupled together. A diode is connected 
between a top end of the strip line and a ground termi 
nal. The top end of the strip line is selectively set at an 
open or grounded state according to the conductive 
state of the diode to vary the mode of electromagnetic 
coupling between the strip line and radiation element, 
thereby changing the direction in which the radiated 
electromagnetic wave is polarized. 

10 Claims, 21 Drawing Figures 
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STRIP ANTENNA WITH POLARIZATION 
CONTROL 

BACKGROUND OF THE INVENTION 

This invention relates to a strip antenna whose polar 
ization characteristic can be changed. ' 
A polarization antenna is generally demanded to have 

its polarization characteristic electrically changed. 
FIG. 1 shows a linearly polarized strip antenna capable 
of changing the direction of polarization. This strip 
antenna comprises a dielectric substrate 10 whose back 
side is ?tted with a ground conducting ?lm, power 
supply circuit 12 including a strip line which is provided 
on the dielectric substrate 10 and is formed of a dielec 
tric ?lm and a linearly polarized radiator 14 which is 
formed of a rectangular conductive ?lm. The power 
supply circuit 12 is arranged as follows. A strip line 16 
is divided into two paths by a power divider 18. One 
path 20 is connected to the center of one side of a radia 
tion element 14. The other path 22 is connected to the 
anode of a diode 28 and the cathode of a diode 30 
through a capacitor 24 and strip line 26. The cathode of 
the diode 28 is connected to the cathode of a diode 34 
through a strip line 32. The anode of the diode 30 is 
connected to the anode of a diode 38 through a strip line 
36. The anode of the diode 34 and the cathode of the 
diode 38 are connected through a strip line 40 and ca 
pacitor 42 to one side of the radiation element 14 which 
lies adjacent to that side to which the one path 20 is 
connected. In this case, two paths connecting the radia 
tion element 14 and divider 18 together are chosen to 
have an equal electric length. The power divider 18 
divides the power supplied to the strip line 16 so that the 
divided power components have the same phase and 
amplitude. The power running through the strip lines 32 
and 36 are arranged to have the same amplitude, but to 
be displaced 180° from each other in respect of phase. 
The strip lines 26 and 40 are connected to a bias termi 
nal 48 through the corresponding low path ?lters 44 and 
46. The strip lines 32 and 36 are connected to a ground 
terminal through the corresponding low path ?lters 50 
and 52. The capacitors 24 and 42 prevent the DC bias 
conducted to the diodes 28, 30, 34 and 38 from being 
diverted to any other circuit section. Conversely, the 
low pass ?lters 44, 46, 50 and 52 allow for the passage of 
the DC component, but prevent high frequency current 
delivered to the strip lines from being conducted to the 
bias terminal 48 or ground terminal. 
The operation of the conventional strip antenna 

shown in FIG. 1 is now given. Where a positive bias 
voltage is impressed on the bias terminal 48, then the 
diodes 34 and 28 are rendered conductive, and the di 
odes 30 and 38 are rendered nonconductive. At this 
time, high frequency current components supplied to 
the radiation element 14 through the two divided paths 
have the same phase and same amplitude. As shown in 
FIG. 2A, therefore, current runs in the directions indi 
cated by broken lines. The composite current flows in 
the direction of the indicated solid line. Where a nega 
tive bias voltage is impressed on the bias terminal 48, 
then the diodes 38 and 30 are rendered conductive, and 
the diodes 28 and 34 are rendered nonconductive. At 
this time, the current components delivered to the radi 
ation element 14 through the two divided paths have 
the opposite phases and same amplitude. In the radia 
tion element 14, therefore, two currents flow in the 
directions of broken lines shown in FIG. 2B, and the 

5 

25 

40 

60 

2 
composite current runs in the direction of the indicated 
solid line. As described above, the direction of the cur 
rent conducted through the radiation element 14 is 
displaced 90' in accordance with the polarity of the 
voltage impressed on the bias terminal 48. As a result, a 
radiated electromagnetic wave is polarized in a direc 
tion displaced 90’. 
However, the conventional linearly polarized an 

tenna arranged as described above has the following 
drawbacks. The current components supplied to the 
radiation element 14 through the two divided paths are 
demanded to have the same phase or opposite phases. 
Since, however, diodes are provided in one of the two 
divided paths, the phase relationship can not be accu 
rately controlled. Further, it is dif?cult to let the two 
divided current components have exactly the same 
phase in the divider 18. Consequently the direction of 
polarization is not changed to an extent of accurately 
90°, thereby probably leading to a decline in cross po 
larization discrimination. Further, errors tend to occur 
in the amplitudes of the two divided current compo 
nents due to errors in the lengths of the strip lines 32 and 
36. With the conventional strip antenna arranged as 
described above, a large number of elements have to be 
provided in the power supply circuit, causing the strip 
antenna to occupy a larger space and increase in cost. 
Where an array antenna in particular is constructed, an 
increase in the area occupied by the antenna restricts 
the location of a radiation element. The above-men 
tioned drawbacks occurred not only in the linearly 
polarized antenna, but also in the circularly or ellipti 
cally polarized antenna applied to date. 

SUMMARY OF THE INVENTION 
To attain the above-mentioned object, this invention 

provides a simple and compact strip antenna capable of 
accurately changing the polarization direction which 
comprises a dielectric substrate, a strip line formed of a 
conductive ?lm mounted on the dielectric substrate, an 
antenna element formed of a conductive ?lm, set close 
to the strip line on the dielectric substrate and electro 
magnetically coupled to the strip line, and a switching 
section connected to the opposite terminal of the strip 
line to the power supply terminal thereof, thereby selec 
tively rendering the opposite terminal open or short-cir 
cuited. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 shows the arrangement of the conventional 
linearly polarized strip antenna; 
FIGS. 2A and 2B show the patterns of polarization 

occurring on the surface of the radiation element; 
FIG. 3 indicates the arrangement of a linearly polar 

ized strip antenna according to a ?rst embodiment of 
this invention; 
FIG. 4 is a cross sectional view of the ?rst embodi 

ment of the invention; 
FIGS. 5A, 5B, 6A and 6B indicate the distribution of 

current and voltage, illustrating the operation of the 
?rst embodiment of the invention; 
FIG. 7 sets forth a polarization pattern on the front 

side of the strip antenna of the ?rst embodiment; 
FIGS. 8 and 9 are the modi?cations of the ?rst em 

bodiment; 
FIG. 10 shows the arrangement of a circularly polar 

ized strip antenna according to a second embodiment of 
the invention; 



4,454,514 
3 

FIG. 11 is a cross sectional view of the second em 
bodiment; - 

FIGS. 12A, 12B, 13A and 13B indicate the distribu 
tions of current and voltage, illustrating the operation of 
the second embodiment; and 
FIGS. 14, 15 and 16 show the modi?cations of the 

second embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Description is now given with reference to the ac 
companying drawing of a strip antenna embodying this 
invention. FIG. 3 is a plan view of a linear polarization 
strip antenna according to a ?rst embodiment of the 
invention. FIG. 4 is a cross sectional view on line 
IV-IV of FIG. 3. For convenience of description, the 
subject antenna is regarded as a transmission antenna. A 
conductive ground ?lm 62 is mounted all over the back 
side of a dielectric substrate 60. The surface of the di 
electric substrate 60 is ?tted with a power supply strip 
line 64 formed of a conductive ?lm and a linearly polar 
ized wave-radiating element 66 also formed of a con 
ductive ?lm. Where the contraction of a wavelength by 
the dielectric substrate 60 is taken into account, let it be 
assumed that a radiated electromagnetic wave is chosen 
to have a wavelength )tg. Then the radiation element 66 
is chosen to have a square form, each side of which 
measures hg/Z. The strip line 64 is set closely in parallel 
with one side of the square radiation element 66 to be ' 
electromagnetically coupled thereto. As viewed from 
FIG. 3, the upper end of the strip line 64 extends up to 
a point facing the upper left corner of the square radia 
tion element 66. The lower end of the strip line 64 is 
connected as a power supply terminal 68 to a high fre 
quency signal source (not shown). The upper end of the 
strip line 64 facing the upper left corner of the square 
radiation element 66 is connected to the cathode of a 
diode 70 as a switching element and also to a DC bias 
terminal 74 through a low pass ?lter 72. The anode of 
the diode 70 is grounded. 

Description is now given with reference to FIG. 3 of 
the operation of a strip antenna according to the ?rst 
embodiment of this invention. Where a negative voltage 
or ground potential is impressed on the bias terminal 74, 
then the diode is biased in the reverse direction to be cut 
off, causing the upper end of the strip line 64 to be 
opened. FIGS. 5A and 5B show the distribution of 
current and voltage in the strip line 64 and the manner 
in which the strip line 64 is electromagnetically coupled 
to the radiation element 66. Referring to FIG. 5A, the 
abscissa shows current I and voltage V, and the ordi 

~ nate represents a distance X as measured from the upper 
end of the strip line 64. The solid line indicates current, 
and the broken line shown voltage. 
FIG. 5B is a plan view of the strip line 64 and square 

radiation element 66. The arrows represent the distribu 
tion of current. The marks 9, @ indicate the distribu 
tion of voltage. The distance X given in FIG. 5A is 
graduated in the same degree as the square radiation 
element 66 of FIG. 5B. Where the upper end of the strip 
line 64 is opened, current flowing through the strip line 

. 64 reaches a maximum level at a point facing the center 
of that side of the square radiation element 66 which 
faces the strip line 64 and is reduced to zero at points 
facing the upper and lower left corners of the square 
radiation element 66. The voltage impressed on the strip 
line 64 is reduced to zero at a point facing the center of 
that side of the square radiation element 66 which faces 

. 5 

4 
the strip line 64. The voltages impressed at points facing 
both upper and lower left corners of the square radia 
tion element 66 reach a maximum level, though having 
the opposite polarities. In this case, the electromagnetic 
coupling of the strip line 64 and the square radiation 
element 66 consists of inductive coupling by means of 
current. 
As seen from FIG; 513, current flows on the surface of 

the square radiation element 66 in parallel with the strip 
line 64, giving rise to the induction of an electric ?eld on 

. those sides of the square radiation element 66 which 
intersect the path of current at right angles. 
Where a positive voltage is impressed on the bias 

terminal 74, then the diode 70 is biased in the forward 
direction and rendered conductive. Therefore, the 

_ upper end of the strip line 64 is short-circuited. FIG. 6A 
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indicates the distribution of current and voltage on the 
surface of the strip line 64. FIG. 6B shows the manner 
in which the strip line 64 and radiation element 66 are 
electromagnetically coupled together. FIGS. 6A and 
6B respectively correspond to FIGS. 5A and 5B. 
Where the upper end of the strip line 64 is short-cir 
cuited, then current ?owing through the strip line 64 is 
reduced to zero at a point corresponding to the center 
of that side of the square radiation element 66 which 
faces the strip line 64, reaches a maximum level at points 
facing left upper and lower corners of that side of the 
square radiation element 66, though with the opposite 
polarities, as shown in FIG. 6A. The voltage impressed 
on the strip line 64 reaches a maximum level at a point 
corresponding to the center of that side of the square 
radiation element 66 which faces the strip line 64, and is 
reduced to zero at points corresponding to the left 
upper and lower corners of that side of the square radia 
tion element 66 which faces the strip line 64. Therefore, 
the electromagnetic coupling of the strip line 64 and 
square radiation element 66 consists of capacitive cou 
pling based on an electric ?eld. As seen from FIG. 6B, 
current ?ows on the surface of the square radiation 
element 66 in a direction intersecting the strip line 64 at 
right angles, giving rise to the induction of an electric 
?eld on those sides of the square radiation element 66 
which intersect the current path at right angles. Where, 
therefore, the upper end of the strip line 64 is short-cir 
cuited, then the direction of linearly polarized is dis 
placed 90' from that which is indicated in FIG. 5B 
when the strip line 64 is opened. FIG. 7 illustrates the 
polarization pattern appearing on the front side of a‘ 
strip antenna according to a ?rst embodiment of this 
invention. The solid curve represents a polarization 
pattern when the upper end (FIG. 3) of the strip line 64 
is opened. The broken curves show a polarization pat 
tern when the upper end is grounded. 
The foregoing embodiment provides a linearly polar 

ized strip antenna capable of changing the direction of 
polarization by simply comprising a linearly polarized 
radiation element, strip line electromagnetically cou 
pled to the radiation element and switching element, for 
example, a diode for changing the condition of the 
upper end (FIG. 3) of the strip line 64 from the open to 
the short-circuited state or vice versa. 
The strip antenna of this invention has the advantages 

that other components than the radiation element occu 
pies smaller areas on the surface of a dielectric substrate, 
thereby enabling the strip antenna to be manufactured 
in a small size and at a reduced cost. Since the direction 
of polarization can be varied by only changing the man 
ner in which the strip line and radiation element are 
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electromagnetically coupled together, it is possible to 
eliminate the occurrence of errors in the phases of two 
power components in the division of a power by a di 
vider. Therefore, the precision with which the direction 
of polarization is changed and the cross polarization 
discrimination is improved. 
For convenience, the strip antenna is regarded as the 

transmission antenna in the foregoing description. How 
ever, the present invention is applicable to the receiving 
antenna exactly in the same way. The radiation element 
may have not only a square shape, but also a rectangular 
or circular shape, provided it can radiate linearly polar 
ized waves. Where the radiation element has a circular 
shape, then part of the strip line is chosen to have an 
arcuate form matching the periphery of the radiation 
element. The arcuate portion of the strip line, namely, 
that part thereof which is electromagnetically coupled 
to the circular radiation element is chosen to have an 
electric length of Ag/Z. Further, it is possible to extend 
the upper end (FIG. 3) of the strip line 64 beyond the 
left upper corner of the square radiation element 66, and 
attach a switching element, for example, a diode to the 
extended end portion of the strip line 64. It is also possi 
ble to connect a diode to the strip line through a stub. 
No particular limitation is imposed on the position of 

' the diode. The point is that the diode should be so posi 
tioned that the distribution of current or voltage on the 
strip line has a maximum level at the center of the por 
tion facing to one side of the radiation element and is 
reduced to zero at the both ends of that portion. 

Description is now given with reference to FIGS. 8 
and 9 of the modi?cations of the ?rst embodiment of 
this invention, in which the subject strip antenna is 
applied as an array antenna. With the ?rst embodiment 
of the invention, other components than the radiation 
element occupy small areas. Where, therefore, an array 
antenna is constructed, no limitation is imposed on the 
position of the radiation element, obtaining a desired 
array pattern. In this case, a distance between the adja 
cent radiation elements arranged along the strip line 64 
and in a direction perpendicular to the strip line 64 is 
chosen to be equal to the length kg of the aforemen 
tioned radiated electromagnetic wave. As viewed from 
FIGS. 8 and 9, the upper end of each strip line 64 is 
?tted with a diode 70 and low pass ?lter 72. However, 
a single diode and single low pass ?lter can be used in 
common to the plural strip lines 64. 

Description is now given with reference to FIGS. 10 
and 11 of a strip antenna according to a second embodi 
ment of this invention which can effect circular polar 
ization. The parts of the second embodiment the same as 
those of the ?rst embodiment are denoted by the same 
reference numerals, description thereof being omitted. 
FIG. 10 is a plan view of a strip antenna according to 
the second embodiment. FIG. 11 is a cross sectional 
view of the second embodiment. The second embodi 
ment differs from the ?rst embodiment in that an ele 
ment 80 for radiating circularly polarized electromag 
netic waves is provided. The radiation element 80 is 
made into a square shape, each side of which measures 
Ag/Z. A slit 82 is formed along one of the diagonal lines 
of the radiation element 80. 

Description is now given of a strip antenna according 
to a second embodiment of this invention with reference 
to FIGS. 12A, 12B, 13A and 13B, which correspond to 
the previously described FIGS. 5A, 5B, 6A and 6B, 
respectively. Where the bias terminal 74 of the strip 
antenna is set at a negative or ground potential and the 
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6 
upper end (FIG. 10) of the strip line 64 is opened, then 
current ?ows on the radiation element 80 in parallel 
with the strip line 64 as indicated by a solid line arrow 
in FIG. 12B due to inductive coupling between the strip 
line 64 and radiation element 80. In this case, the slit 82 
releases the degeneration of the mode of induced cur 
rent. Therefore, the induced current is divided into a 
component parallel with the slit 82 and a component 
perpendicular to the slit 82 as indicated by broken lines 
in FIG. 12B. Both divided current components have an 
equal amplitude. The current component perpendicular 
to the slit 82 has a phase delayed 90'' from that of the 
current component parallel with the slit 82. Therefore, 
as viewed from the conductive ground ?lm 62, a right 
hand circularly polarized wave is radiated. 
Where the bias terminal 74 is set at a positive poten 

tial and the upper end (FIG. 10) of the strip line 64 is 
short-circuited, then current runs on the radiation ele 
ment 80 in a direction perpendicular to the strip line 64 
as indicated by a solid line arrow in FIG. 1313 due to 
capacitive coupling between the strip line 64 and radia 
tion element 80. This current is divided into a compo 
nent parallel with the slit 82 and a component perpen 
dicular to the slit 82 as indicated by broken lines in FIG. 
13B. In this case, the component parallel with the slit 82 
has a phase advanced 90° from the component perpen 
dicular to the slit 82. Therefore, as viewed from the 
conductive ground ?lm 62, a left-hand circularly polar 
ized wave is radiated. 
As described above, the second embodiment provides 

a circular polarization strip antenna of simple arrange 
ment which can change the direction in which a polar 
ized electromagnetic wave is circulated. With the sec 
ond embodiment, it is possible to change the shape and 
other factors of a radiation element in various ways as in 
the ?rst embodiment. For instance, the slit 82 may be 
formed along the opposite diagonal line to that of the 
radiation element 80 of FIG. 10. In this case, the circu 
larly polarized electromagnetic wave is radiated in the 
opposite direction to that previously described. Fur 
ther, it is possible to apply a substantially square radia 
tion element 84, one corner of which is provided with a 
suitably shaped projection as shown in FIGS. 14A and 
14B, or a substantially square radiation element 86, one 
of whose corners is cut off as seen from FIGS. 15A and 
15B. Further, as shown in FIG. 16, an impedance 
matching circuit 88 may be connected between the 
upper end (FIG. 16) of the strip line 64 and diode 70. 
Obviously, the second embodiment may be applied as 
an array antenna as described in the ?rst embodiment. 
As mentioned above, this invention provides a com 

pact strip antenna of very simple arrangement which 
can be constructed by electromagnetically coupling a 
strip line and radiation element and selectively chang 
ing the condition of the top end of the strip line from the 
open to the grounded state or vice versa, thereby accu 
rately varying the direction of polarization. 
What we claim is: 
1. A strip antenna which comprises: 
a dielectric substrate; 
a strip line which is formed of a conductive film and 
on said dielectric substrate, and one of whose ends 
is used as a power supply terminal; 

an antenna element which is formed of a conductive 
?lm, provided on said dielectric substrate in the 
proximity of the other end of the strip line, and is 
electromagnetically coupled to said strip line; and 



4,454,5 14 
7 

switching means connected to said other end of said 
strip line to selectively set said other end at an open 
or grounded state to change the distribution of 
current and voltage impressed on said strip line, 
thereby varying the mode in which said strip line is . 
electromagnetically coupled to said antenna ele 
ment. 

2. A strip antenna according to claim 1, wherein said 
antenna element has a square shape, each side of which 
is chosen to have a length of Ag/Z, when a radiated 
electromagnetic wave is set to have a wavelength of Ag 
in consideration of the contraction by said dielectric 
substrate; the distribution of current on said strip line 
has a maximum level at the center of that portion facing 
one side of said antenna element and is reduced to zero 
at both ends of said portion, said antenna element and 
strip line are coupled by a magnetic ?eld, and current is 
induced on said antenna element in a direction parallel 
with said strip line when said other end of said strip line 
is opened; the distribution of voltage on said strip line 
has a maximum level at the center of that portion facing 
one side of said antenna element and is reduced to zero 
at both ends of said portion, said antenna element and 
strip line are coupled by an electric ?eld, and current is 
induced on said antenna element in a direction perpen 
dicular to said strip line when said other end of said strip 
line is grounded. 

3. A strip antenna according to claim 2, wherein said 
antenna element comprises a slit formed along one of 
the diagonal lines of said antenna element, and current 
induced on said antenna element is divided into one 
component running along said slit and another compo 
nent which has a phase delayed 90' from that of said one 
component and runs perpendicular to said slit. 

4. A strip antenna according to claim 1, 2 or 3, 
wherein said switching means comprises a diode whose 
cathode is connected to said other end of said strip line 
and whose anode is grounded and a DC bias terminal 
which is connected to the cathode of said diode through 
a low pass filter. 

5. A strip antenna according to claim 4, wherein the 
cathode of said diode is connected to said other end of 
said strip line through an impedance matching circuit. 

6. A strip antenna which comprises: 
a dielectric substrate; 
a plurality of strip lines which are each formed of a 

conductive ?lm, parallel arranged on said dielec 
tric substrate, and acts as power supply terminals at 
one end; 

a plurality of antenna elements which are formed of a 
conductive ?lm and on said dielectric substrate on 

8 
both sides of said plurality of strip lines and electro 
magnetically coupled to said plurality of strip lines, 
the distance between the adjacent antenna elements 
being chosen to the wavelength of a, radiated elec 
tromagnetic wave in consideration of the contrac 
tion by said dielectric substrate; and 

switching means connected to the other end of each 
of said plurality of strip lines selectively set said 
other end at an open or grounded state to change 
the distribution of current and voltage on said re 
spective strip lines, thereby varying the mode in 
which said strip lines are electromagnetically cou 
pled to said antenna elements. 

7. A strip antenna according to claim 6, wherein said 
plurality of antenna elements have a square shape each 

4 side of which is chosen to have a length of )tg/Z, when 
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a radiated electromagnetic wave is set to have a wave 
length of Ag in consideration of the contraction by said 
dielectric substrate; the distribution of current on each 
of said plurality of strip lines has a maximum level at the 
center of a portion of said strip lines facing one side of 
said antenna elements and is reduced to zero at both 
ends of said portion, said antenna elements and strip 
lines are coupled by a magnetic ?eld, and current is 
induced on said antenna elements in a direction parallel 
with said strip lines when said other end of said strip 
lines is opened; the distribution of voltage on each of 
said strip lines has a maximum level at the center of said 
portion and is reduced to zero at both ends of said por 
tion, said antenna elements and strip lines are coupled 
by an electric ?eld, and current is induced on said an 
tenna elements in a direction perpendicular to said strip 
lines when said other end of said strip lines is grounded. 

8. A strip antenna according to claim 7, wherein said 
plurality of antenna elements each comprises a slit 
formed along one of the diagonal lines of said antenna 
elements, and current induced on each of saidantenna 
elements is divided into one component running along 
said slits and another component which has a phase 
delayed 90' from that of said one component and runs 
perpendicular to said slits. 

9. A strip antenna according to claim 6, 7 or 8, 
wherein said switching means comprises a diode whose 
cathode is connected to said other end of said strip lines 
and whose anode is grounded and a DC bias terminal 
which is connected to the cathode of said diode through 
a low pass filter. 

10. A strip antenna according to claim 9, wherein the ' 
cathode of said diode is connected to said other end of 
said strip lines through an impedance matching circuit. 
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